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Abstract 
Periostin is a matricellular protein involved in development, maintenance and regulation of 
tissues and organs via by binding to cell surface integrin receptors. Pathologically, periostin 
plays an important role in the process of wound healing: as a deficiency of the Postn gene 
delays wound closure and periostin is consistently upregulated in response to injury and skin 
diseases. However, the functional role of elevated periostin in the process of wound healing 
has not been tested. In this study, we generated Postn-transgenic mice under the control of the 
CAG promoter/enhancer to investigate the effects of constitutive overexpression of full 
length periostin during its pathophysiological roles. Transgenic mice showed significant 
overexpression of periostin in skin, lung, and heart, but no morphological changes were 
observed. However, when these transgenic mice were injured, periostin overexpression 
delayed the closure of excisional wounds. Expression of IL-1 and TNF, pro-inflammatory 
cytokines important for wound healing, was significantly decreased in the transgenic mice, 
prior to delayed healing. Infiltration of neutrophils and macrophages, the main sources of 
IL-1 and TNF, was also downregulated in the transgenic wound sites. From these data, we 
conclude that enforced expression of periostin delays wound closure due to reduced 
infiltration of neutrophils and macrophages followed by downregulation of IL-1 and TNF 
expression. This suggests that regulated spatiotemporal expression of periostin is important 
for efficient wound healing and that constitutive periostin overexpression interrupts the 
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normal process of wound closure. 
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Introduction 
 Cutaneous wound healing is a well-organized and highly coordinated physiological 
function.1 Wound healing comprises three sequential and overlapping phases: inflammation, 
tissue formation, and tissue reorganization. Spatiotemporally regulated expression of key 
mediators is crucial for implementing the wound healing process. For example, transforming 
growth factor-β1 (TGF-β1) is important for cutaneous wound healing by stimulating 
keratinocyte migration, granulation tissue formation, and myofibroblast differentiation.2, 3 
However, constitutive overexpression of TGF-1 in keratinocytes delays wound closure by 
prolonging re-epithelialization and generation of granulation tissue.4, 5 Thus, spatiotemporal 
regulation of mediator expression is critical during the process of wound healing.   
Periostin is an ECM protein belonging to the fasciclin family, acting as a 
matricellular protein by binding integrins such as v3 or v5 on the cell surface, thereby 
transducing signals within the cells.6, 7 Periostin plays important roles in developing and 
maintaining several tissues and organs. Specifically, periostin is required for the normal 
development of cardiac valves and periodontal ligament 8 and in remodeling of the neonatal 
lung.9 Induction of periostin is also important in mediating pathological processes, such as 
fibrosis after myocardial infarction,10 pulmonary fibrosis,11 and skin fibrosis such as 
scleroderma.12 In normal adult skin, periostin is predominantly expressed in the basement 
membrane and peri-hair follicular region in the dermis, but during excisional wound healing 
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the spatiotemporal expression of periostin is expanded and robustly upregulated. 13 Moreover, 
periostin deletion delays the wound repair process by reducing myofibroblast-mediated 
wound contraction,14 re-epithelialization of the epidermis,15 and dermal fibroblast 
activation.16 These findings have been based mostly on analyses using wild-type and 
Postn-deficient mice.17 However, the effects of constitutively and ubiquitously overexpressed 
periostin in vivo have not yet been examined in skin. Only analyses using mice 
overexpressing periostin ectopically in adult cardiomyocytes under the -myosin heavy chain 
promoter have been reported.10, 18 
In this study, for the first time, we generated periostin-overexpressing mice under the 
control of the ubiquitous CAG promoter (CAG-Postn Tg mice). We then analyzed resultant 
morphological changes in the overexpression within skin, heart and lung at steady state; and 
then subsequently the effects of cutaneous wound healing in the presence of constitutive 
periostin.   
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Materials and methods 
Animal studies 
Eight- to twelve-week-old male C57BL6/J mice were used (Japan SLC, Hamamatsu, Japan). 
All experiments were performed following the guidelines for care and use of experimental 
animals required by the Japanese Association for Laboratory Animals Science (1987) and 
were approved by the Saga University Animal Care and Use Committee (Saga, Japan). 
 
Generation of CAG-Postn transgenic mice 
Full-length cDNA (2.5 kb) of murine periostin (NM_015784) was cloned into the pCAGGS 
plasmid vector harboring the CAG promoter and a rabbit -globin poly (A) tail. The 
linearized construct was microinjected into the pronuclei of one-cell embryos of 
BDF1×BDF1 mice. Founder transgenic mice were identified by PCR with the primers 
specific for periostin cDNA and rabbit -globin poly (A). The PCR primers for the transgene 
detection were as follows: forward primer, 
5′-AGAAGACGATCAAGAGAAGGCCGTAGC-3′; reverse primer, 
5′-CCTGCACCTGAGGAGTGAAT-3. CAG-Postn transgenic mice were crossed with 
C57BL6/J mice for at least six generations. The littermates of transgenic mice were used as 
non-transgenic mice. 
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Murine wound repair model 
Mouse skin excisional wounds (6 mm) were generated using methods slightly modified from 
our earlier report (8 or 10 mm).16 Wounds were photographed with a reference object to 
allow image analysis. Area measurement and carburation were performed using Image-J 
software. Wound tissues were collected at indicated time points after injury and used for 
quantitative RT-PCR, ELISA, or histological analysis.  
 
Immunohistochemistry  
Wounded skin tissues were fixed in 10% buffered formalin and embedded in paraffin. 
Histological analyses were performed on serial sections spanning the central portion of the 
wound and were stained with H&E. In some experiments, heart and lung tissues were stained 
with Masson’s trichrome. Mouse anti‒ -SMA antibody (Ab) (Dako, Glostrup, Denmark), 
rabbit anti-neutrophil elastase Ab (Abcam, Cambridge, UK), amti-F4/80 Ab (Abcam), and 
anti-periostin Ab16 were used for immunohistochemical staining. These sections were 
incubated with polymer-HRP and then developed with the DAB Detection System (Dako). 
For quantitative analysis of infiltrated neutrophil elastase+ and F4/80+ cells in wounded 
tissues, the number of elastase+ and F4/80+ cells in a center and two border regions of 
granulation tissue and two regions beneath the fibrin clot was counted at the high power 
fields (HPF) (400×). 
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Measurement of periostin 
Periostin in the serum or tissue homogenates was measured by a sandwich ELISA with 
originally developed anti-periostin Abs (clone no. SS19C and SS19D).19 Briefly, a Nunc 
MaxiSorp ELISA plate (Affymetrix Japan, Tokyo, Japan) was coated with 2 g/mL mouse 
anti-periostin Ab (SS19D) and then blocked with 0.5% casein. Diluted serum or tissue 
homogenates were added to the wells and incubated for 2 hours. After washing with 
phosphate-buffered saline (PBS) containing 0.05% Tween20 (PBS-T), biotinylated mouse 
anti-periostin Ab (SS19C) was added to each well and incubated for 1.5 hours. After washing 
with PBS-T, the wells were incubated with streptavidin-conjugated poly-HRP (Stereospecific 
Detection Technologies, Baesweiler, Germany) for 30 minutes and then washed with PBS-T. 
The reaction was developed with 3,3', 5,5'-tetramethylbenzidine substrate for 5 minutes and 
stopped by adding an equal volume of 2 M sulfuric acid. Absorbance at 450 nm was 
measured. The recombinant mouse periostin (R&D Systems, Minneapolis, MN) was used as 
a standard. 
 
Measurement of IL-1 and TNF protein 
IL-1 and TNF proteins in tissue homogenates were measured with specific ELISA kits 
(Thermo Fisher Scientific, Waltham, MA). 
This article is protected by copyright. All rights reserved.
9 
 
 
Quantitative RT-PCR 
Quantitative RT-PCR was performed as previously described.20 Briefly, total RNA was 
prepared using an RNAiso plus reagent (Takara Bio, Otsu, Japan), and reverse-transcribed 
with the ReverTra Ace (TOYOBO, Osaka, Japan). Quantitative analyses were performed on 
StepOnePlus Real-Time PCR System (Life Technologies Japan, Tokyo, Japan) using the 
Thunderbird SYBR qPCR Mix (TOYOBO). The primer sequences were shown in Table S1. 
 
Statistical analyses 
The data shown are the mean ± standard deviation (SD) or standard error (SE). The statistical 
analyses were performed with the one-sided, Mann-Whitney t-test or one-way analysis of 
variance with multiple comparisons. p values less than 0.05 were considered to indicate 
statistically significant differences.   
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Results 
Generation of Postn-transgenic mice overexpressing periostin constitutively and 
systemically in skin and serum 
To test the in vivo functions of constitutively overexpressing periostin, we generated 
transgenic mice expressing full-length cDNA of mouse periostin controlled by the synthetic 
CAG promoter/enhancer that would drive ubiquitous mammalian expression of periostin 
(Figures 1A and B). We obtained three different lines of founder mice; lines 7, 16, and 21. As 
shown in Figure 1C, Postn mRNA expression in the skin was much higher in line 7 than in 
line 16 or in line 21. We further measured serum concentrations of periostin to examine the 
systemic periostin levels in these transgenic lines. Serum periostin markedly increased in line 
7 compared to line 16 or line 21 (Figure 1D, line 7: 2001.2 ± 489.9 ng/mL, line 16: 187.6 ± 
59.6 ng/mL, line 21: 347.7 ± 84.8 ng/mL). Since line 7 had higher periostin mRNA and 
protein expression than the other two lines, we used it for further experiments as 
Postn-overexpressing mice along with their age-matched littermates as non-transgenic 
controls. 
 
No significant morphological changes in the skin or hematopoietic cells at steady state in 
Postn-overexpressing mice 
We examined the expression pattern of periostin in the skin of Postn-overexpressing mice by 
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immunohistochemical staining. Periostin was weakly expressed in the dermis and in the 
peri-hair follicles in the dorsal skin of non-transgenic mice. Compared to non-transgenic mice, 
periostin expression substantially increased, particularly in the dermis and in the peri-hair 
follicles in Postn-overexpressing mice (Figure 2A). Although it is conceivable that CAG 
promoter can provide strong expression in all cell types, immunoreactivity of the epidermis to 
periostin Ab was lower than that of the dermis. Increased ectopic periostin expression in the 
epidermis of Postn-overexpressing mice was detected via longer exposure to immunostaining 
(Figure 2B). Consistent with these observations, protein concentrations of periostin markedly 
increased in the skin homogenates of Postn-overexpressing mice (Figure 2C). A previous 
study had suggested that periostin played a key role in the differentiation of dermal 
fibroblasts into myofibroblasts.14 However, the number and intensity of dermal alpha-smooth 
muscle actin-SMA+) cells did not increase in Postn-overexpressing mice (Figure 2D and 
E), and the skin sections did not show any specific morphological change (Figure 2F). There 
were no significant differences in the thickness of epidermis or dermis between 
Postn-overexpressing mice and non-transgenic mice (11.5 ± 0.5 m and 554.6 ± 65.8 m, 
Postn-overexpressing mice versus 11.3 ± 0.7 m and 543.5 ± 108.2 m, non-transgenic 
mice) (Figure 2G). Moreover, the ratio of peripheral blood T cells (CD3+/B220- cells), B cells 
(CD3-/B220+ cells), neutrophils (CD11bhi/Ly-6G+/SSCint cells), monocytes 
(CD11bhi/Ly-6G-/SSClo cells), and eosinophils (CD11b+/Siglec-Fhi/SSChi cells) did not 
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change, even in the presence of excess circulating periostin levels (Figure 2H). These data 
suggest that constitutive overexpression of periostin does not cause any particular 
morphologic change in skin or in the proportions of hematopoietic cells, and that the mere 
presence of elevated periostin in uninjured skin within both normal and ectopic locations is 
not pathological. 
 
No overt cardiac or pulmonary fibrosis at steady state in Postn-overexpressing mice 
Since periostin upregulation is involved in the pathogenesis of cardiac and pulmonary fibrosis 
as well as in cutaneous fibrosis,10-12 we examined whether overexpression of periostin 
spontaneously promotes fibrosis in lung or heart tissues. Postn-overexpressing mice exhibited 
increased periostin expression in heart and lung tissues (Figure S1A). Immunohistochemical 
staining showed that periostin deposition was elevated in the endocardium and subepithelial 
spaces around bronchioles (Figure S1B). However, fibrotic areas detected via Masson’s 
trichrome staining did not increase in Postn-overexpressing mice (Figure S1C). These results 
suggest that enforced expression of periostin does not induce overt fibrosis of heart or lung 
tissues at steady state. This lack of response is in agreement with prior studies that ectopically 
drove increased periostin levels in adult mouse hearts.10, 18  
 
Induction of periostin protein expression by skin injury during wound healing 
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We and others have already reported that excisional wounds induce spatiotemporal 
upregulation of periostin in skin of mice.14-16 However, the changes in expression of periostin 
protein were not quantitatively measured in these prior analyses. Thus, we next examined 
time-dependent expression of endogenous periostin protein during wound healing. 
Full-thickness excisional wounds were created on the backs of mice. Periostin protein was 
substantially expressed beneath the granulation tissue of C57BL/6 mice at day 7 
post-wounding in accordance with previous reports by us and others15, 16 (Figure 3A). 
Furthermore, we analyzed quantitative differences in periostin expression levels in 
unwounded (day 0) and wounded (days 2, 5, 7, and 10) skin homogenates using an ELISA 
system (Figure 3B). There was no significant increase in the levels of periostin protein at day 
2 post-wounding (day 0: 44.5 ± 5.1 ng/mg protein, day 2: 31.5 ± 4.5 ng/mg protein). 
However, the amounts of periostin protein in wounded skin homogenates gradually and 
progressively increased (day 5: 115.4 ± 3.2 ng/mg protein, day 7: 237.6 ± 14.4 ng/mg protein, 
day 10: 295.3 ± 29.5 ng/mg protein). These results suggest that skin injury-inducing 
expression of periostin protein is spatiotemporally regulated during normal wound repair.  
 
Delay of wound healing in Postn-overexpressing mice 
To examine the effects of constitutive overexpression of periostin on wound healing, we 
generated full-thickness excisional wounds on the dorsal skins of Postn-overexpressing mice 
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and of sex- and age-matched non-transgenic mice. Wound closure was significantly delayed 
in Postn-overexpressing mice, especially in the early phase of the wound repair process 
(Figure 4A). At days 2 and 3 after injury, in non-transgenic mice, wound sizes were reduced 
from their initial wound areas to 53.7 ± 4.6% and 40.7 ± 2.6%, respectively. In 
Postn-overexpressing mice, wound size was significantly larger than that of non-transgenic 
mice (60 ± 3.3% at day 2, p <0.05 and 48.6 ± 2.5% at day 3, p <0.01) (Figure 4B). However, 
by day 7, the wound size in Postn-overexpressing mice reached a level similar to that of 
non-transgenic mice (16.1 ± 1.6%, Postn-overexpressing mice versus 13.5 ± 1.4%, 
non-transgenic mice). No significant difference in granulation tissue sizes between 
Postn-overexpressing and non-transgenic mice was observed at day 7 after injury (2.1 ± 0.35 
mm2, Postn-overexpressing mice versus 2.0 ± 0.2 mm2, non-transgenic mice) (Figure S2). 
These results demonstrate that constitutive overexpression of periostin delays the closure of 
wounds in mouse skin.  
To examine whether skin injury induced periostin protein levels are altered in 
Postn-overexpressing mice, we evaluated the amounts of periostin using the skin 
homogenates. Slight but not significant increase in periostin protein was similarly induced in 
both Postn-overexpressing and non-transgenic mice at day 3 post-wounding. At 7 day after 
injury, periostin protein significantly increased in both (717.2 ± 63.6 ng/mg protein, 
Postn-overexpressing mice versus 204.4 ± 42.1 ng/mg protein, non-transgenic mice) (Figure 
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4C). As the increases in periostin were comparable in the two groups of mice, this suggests 
that expression of periostin protein triggered by the wound is not affected in 
Postn-overexpressing mice. As shown in Figure 4D, however, distribution of periostin at 3 
day after injury differed between Postn-overexpressing mice and non-transgenic mice. 
Periostin was present throughout maturating granulation tissue in Postn-overexpressing mice 
but not in non-transgenic mice. Infiltrated leukocytes in wounds failed to react with periostin 
Ab even in Postn-overexpressing mice. At day 7 post-wounding, periostin distribution in the 
granulation tissue was comparable in both groups of mice and wound-inducible pattern of 
-SMA expression was also similar in both groups of mice (Figure 4E). Moreover, 
circulating periostin in serum did not change in either wounded Postn-overexpressing or 
non-transgenic mice (Figure S3).  
These observations suggest that constitutive overexpressed periostin delays wound 
repair without abolishing expression of tissue-restricted periostin induced by the injury, 
excluding the possibility that the delayed wound healing is due to transgenic abrogation of 
wound-induced periostin expression. 
 
Attenuation of TNF and IL-1 expression induced by skin injury in 
Postn-overexpressing mice 
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It is well known that balanced expression of pro- and anti-inflammatory cytokines is 
important for the regulation of wound repair.21 Thus, we analyzed the expression of pro- (Il1a, 
Il1b, and Tnfa) and anti- (Il10, Tgfb1, and Arg1) inflammatory cytokines. After cutaneous 
wounding, expression of most of these cytokines increased in both groups of mice. However, 
expression of Il1b and Tnfa in the wounded tissue of Postn-overexpressing mice was 
significantly lower than in non-transgenic control littermates (Figure 5A). This result raises 
the possibility that recruitment of inflammatory cells which express Il1b and Tnfa into the 
wounds is reduced in Postn-overexpressing mice. Since macrophages and neutrophils are 
main sources of IL-1 and TNF during skin wound healing,22-24 we assessed the numbers of 
F4/80+ cells (macrophages) and neutrophil elastase+ cells (neutrophils) which are present in 
the wounds at the earlier time point (day 3). Both macrophages defined as F4/80+ cells and 
neutrophils defined as elastase+ cells significantly decreased in maturating granulation tissue 
in Postn-overexpressing mice compared to non-transgenic mice (Figure 5B and C). At the 
same time point, production of IL-1 and TNF protein was reduced in Postn-overexpressing 
mice (Figure 6). These results demonstrated that, in Postn-overexpressing mice, recruitment 
of inflammatory cells such as macrophages and neutrophils was inhibited and consequently 
the balance between pro- and anti-inflammatory cytokines during wound repair are 
dysregulated, which would lead to the observed delayed wound closure phenotype.   
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Discussion 
 Periostin exerts various actions in vivo as both an ECM protein and a matricellular 
protein.6  The analyses of periostin-deficient mice have contributed a great deal to 
elucidating the pathophysiological requirement of periostin; as Postn-deficient mice show 
impaired neonatal valvulogenesis in heart and development of pulmonary remodeling.8, 9 In 
addition to the normal physiological roles of periostin, applying Postn-deficient mice to 
model various diseases has revealed that upregulated periostin plays important roles in 
fibrosis after myocardial infarction,10 pulmonary fibrosis,11 and skin fibrosis mimicking 
scleroderma.12 Moreover, using Postn-deficient model mice in the study of cutaneous wound 
repair has shown that genetic deficiency of periostin delays wound closure, highlighting its 
significance for wound healing in skin.14-16 However, thus far, no Postn-transgenic mice in 
which periostin is ubiquitously overexpressed have been established. Only transgenic mice 
overexpressing periostin ectopically in adult cardiomyocytes has been reported.10, 18 In this 
study, for the first time, we generated Postn-overexpressing mice under the control of the 
ubiquitous CAG promoter. In these transgenic mice, periostin expression was constitutively 
increased in various tissues such as skin, heart, lung, and blood although the CAG 
promoter-derived protein expression levels differed among tissues or cell types. The 
differences in enforced periostin deposition may be explained by a recent study 
demonstrating that CpG methylation of CAG promoter in each tissue results in varied 
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expression of transgenes25, that different tissues and cell type express different levels and/or 
combinations of its integrin receptor pairs, or that periostin deposition is only permissible in 
certain tissues or cell types. Moreover, we applied these Postn-overexpressing mice to the 
model of skin wound healing. The findings in this study contribute to elucidating the 
pathophysiological roles of periostin induction in vivo.  
In this study, we demonstrated that Postn-overexpressing mice show no 
morphological change in skin and no overt cardiac or pulmonary fibrosis (Figures 2 and S1). 
It has been reported that neither heart size nor the number of cardiomyocytes change in 
transgenic mice with ectopic periostin in the heart.10, 18 Although we have not examined 
cardiac function in our transgenic mice, the present findings can be expected to be compatible 
with the previous ones. Although in vitro experiments have shown that periostin alone can 
induce differentiation of quiescent fibroblasts into -SMA+ myofibroblasts,14 proliferation of 
dermal fibroblasts and keratinocytes,16, 26 and collagen I expression in lung mesenchymal 
cells,27 these changes did not occur in vivo in our mice (Figures 2 and S1). We and others 
have already shown that cross-talk of periostin and various cytokines such as IL-1, TNF, 
or TGF- is important to transduce their signals in skin and lung.11, 12, 26 These results suggest 
that periostin cooperates with various cytokines rather than mediating pathogenesis by itself. 
This may explain why there is a discrepancy in the results based on Postn-deficient mice in 
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which the cross-talk of periostin and other mediators is impaired and in the mice in which 
endogenous periostin alone is overexpressed.  
We and others have previously demonstrated that genetic deficiency of periostin 
delays wound closure in mice, demonstrating that periostin is an important mediator in the 
process of wound healing.14-16 In contrast, in this study, we showed that constitutive 
overexpression of periostin also delays wound closure, particularly at the early phases (days 2 
and 3). Such a paradoxical result has been observed also in the case of matricellular 
thrombospondin-1 (TSP-1) and TGF-1; wound healing is delayed in Tgfb1-/-/Scid-/- mice 
compared to Scid-/- mice.28 Moreover, deficiency of TSP-1 delays wound closure 
accompanied with decreases of macrophage infiltration and TGF-1 expression.29 In contrast, 
constitutive expression of either TGF-β1 or TSP-1 causes a delay of wound closure as well.4, 
5, 30 The exact mechanism of how constitutive overexpression of periostin, an important 
mediator in wound healing, delays wound closure has previously not been well understood. 
Upregulation and expression of these mediators is usually under tight spatiotemporal 
regulation. Taking these data into consideration, we assume that these delays can be 
attributed to spatiotemporal dysregulation of periostin expression. The amount of net increase 
in periostin protein by the wound was not suppressed in Postn-transgenic mice, suggesting 
that such transgenic periostin expression can interfere with wound healing without reducing 
the wound-induced expression of periostin (Figure 4C).  
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In this study, we investigated how constitutive overexpression of periostin impairs 
wound healing, finding that expression of pro-inflammatory cytokines, IL-1 and TNF, is 
downregulated in the wound sites (Figures 5A and 6). It is well known that IL-1 and TNF 
play important roles in wound repair by activating macrophages and neutrophils, followed by 
upregulating the production of growth factors,22, 31 inducing migration and proliferation of 
keratinocytes via matrix metalloproteinases,32 and activating fibroblasts followed by 
induction of FGF7 important for re-epithelialization.33, 34 Genetic deficiency of TNF 
enhances granulation tissue formation by up-regulating the TGF- signals and delays 
re-epithelialization.35 Moreover, deficiency of IL-1 receptor, the common receptor for both 
IL-1 and IL-1, impairs oral, but not cutaneous, wound repair by supporting 
inflammation.36 Taking these findings together, we assume that down-regulation of IL-1 and 
TNF expression is one of the underlying mechanisms for how wound healing is impaired in 
Postn-overexpressing mice. M1-like macrophages and neutrophils are the principal sources 
of IL-1 and TNF during wound repair.22-24 It was recently reported that treating mouse 
intraperitoneal macrophages with high doses of recombinant periostin changes the 
characteristics of these macrophages, decreasing expression of M1 markers including 
IL-1.37 We found that constitutive overexpression of periostin repressed infiltration of 
macrophages and neutrophils at early wound sites (Figure 5C). This suggests that infiltration 
of neutrophils and macrophages followed by downregulated expression of IL-1 and 
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TNFwould be one mechanism of how enforced expression of periostin delays the wound 
closure. Alternatively, spatiotemporal dysregulation of periostin expression (including 
non-physiological ectopic expression in the epidermis, lung, heart or blood) may disturb 
infiltration and accumulation of macrophages, neutrophils, or fibroblasts into the wound sites; 
as it has been shown that periostin is important for production of chemokines for the 
recruitment of inflammatory cells and the migration of fibroblasts.11, 26 It is still unclear 
whether enforced expression of periostin in cells that would not express Postn―macrophages, 
neutrophils, and fibroblasts―affects their abilities of cytokine production or migration 
independently of extracellular excess periostin. Further analysis would be required to clarify 
these important issues. 
We previously demonstrated that IL-4 and IL-13, signature type 2 cytokines, can 
induce periostin and that periostin is highly expressed in the dermis of hapten-induced model 
mice with allergic skin inflammation or in atopic dermatitis (AD) patients, in parallel with the 
clinical severity downstream of these cytokines.38 In contrast, it is known that in patients with 
allergic skin inflammation to haptens, wound healing is delayed.39 Taken together with the 
present findings, high expression of ubiquitous periostin may contribute to impaired wound 
repair in patients with allergic skin inflammation. Consistent with this notion, it has been 
recently demonstrated that excisional wound closure is significantly delayed in mice 
overexpressing IL-4 or the active form of STAT6, a transcription factor critical for the 
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IL-4/IL-13 signals that manifest AD-like skin disorders.40, 41 These results support the 
intriguing possibility that periostin mis-expression may be involved in the impaired wound 
repair seen in AD patients.  
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Figure legends 
Figure 1. Generation of Postn-overexpressing mice 
(A) Structure of the transgene. Transgene contains the ubiquitous CAG promoter and the 
full-length periostin cDNA followed by the rabbit β-globin polyadenylation signal. Arrows 
indicate the positions of forward and reverse primers used for transgene specific-PCR. (B) A 
representative PCR genotyping result from tails of Postn-overexpressing and non-transgenic 
mice. Skin sections and sera were collected from naïve Postn-overexpressing lines and 
non-transgenic littermates. (C) qRT-PCR analysis of periostin mRNA in transgenic lines 7, 16, 
and 21. (D) Quantitative analysis of periostin protein in serum within lines 7, 16, and 21. The 
data shown are the mean ± SE of three independent experiments. Statistical analysis was 
performed using a one-sided, Mann-Whitney t-test; **p < 0.01 versus non-transgenic. 
 
Figure 2. Histological analysis of the uninjured dorsal skin of Postn-overexpressing mice 
(A, B) Immunostaining of periostin in the dorsal skin of Postn-overexpressing (Tg) mice 
(upper) and non-transgenic (Tg) mice (lower). In panel B, immunostaining with anti-periostin 
Ab or control IgG with long exposure is depicted. Scale bars: 250 m (A, left panels), 100 
m (A, right panels), 50 m (B). (C) Periostin levels in dorsal skin from uninjured Tg and 
non-Tg mice. Protein values were calculated based on 1 mg of the homogenate protein. (D) 
Immunostaining of -SMA in the dermis of Postn-overexpressing mice and non-transgenic 
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mice. Scale bars: 250 m (left panels), 100 m (right panels). (E) Quantitative data of the 
number of -SMA+ cells with statistical analysis. (F) H&E staining of dorsal skin from 
uninjured Tg (upper) and non-Tg mice (lower). Low magnification (left panel) and high 
magnification (right panel) images are depicted. Scale bars: 250 m (left panels), 100 m 
(right panels). (G) Quantitative data of dermis and epidermis thickness. (H) Proportions of 
B220+ cells (B cells), CD3+ cells (T cells), CD11b+Ly-6G+SSChigh cells (neutrophils), 
CD11b+Ly-6G-SSClow cells (monocytes), and Siglec-F+SSChigh cells (eosinophils) in 
peripheral blood leukocytes of Postn-overexpressing mice and non-transgenic mice are 
depicted. The data shown are the mean ± SE (C) or SD (E, G, and H). Statistical analysis was 
performed using a one-sided, Mann-Whitney t-test; **p < 0.01 versus non-transgenic. NS; 
not significant 
 
Figure 3. Spatiotemporal periostin expression in the dorsal skin following wounding 
(A) Immunostaining of periostin in the wounded dorsal skin (Day 7). GT: granulation tissue. 
(Scale bar = 500 μm) (B) Periostin protein in wounded skin homogenates during wound 
healing. Protein values were calculated based on 1 mg of the homogenate protein. The data 
shown are the mean ± SE of two independent experiments. Statistical analysis was performed 
using a one-sided, Mann-Whitney t-test; **p < 0.01 versus Day 0. 
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Figure 4. Delayed wound healing in Postn-overexpressing mice 
(A, B) Successive photographs (A) or size (B) of the wounds at the indicated days post injury 
in the dorsal skin of Postn-overexpressing (Tg) mice and non-transgenic (Tg) mice. 
Statistical analysis was performed using Mann-Whitney t-test and mean ± SE is shown; *p < 
0.05, **p < 0.01 versus non-transgenic mice. (C, D) Periostin protein in skin homogenates 
(C) or histology of the wounded dorsal skin of Postn-overexpressing (Tg) mice and 
non-transgenic (Tg) mice (D) (day 3 and 7). GT: granulation tissue. The data shown are the 
mean ± SE. Statistical analysis was performed using one-way analysis of variance with 
multiple comparisons; *p < 0.05, **p < 0.01. (E) The skin sections were stained with H&E or 
anti‒ -SMA Ab. (Scale bar = 1000 m). 
 
Figure 5. Downregulated expression of Il1b and Tnfa in wounded skin of 
Postn-overexpressing mice 
(A) Expression of pro- (Il1a, Il1b, and Tnfa) and anti-inflammatory genes (Il10, Tgfb1, and 
Arg1) in wounded dorsal skin of Postn-overexpressing and non-transgenic mice on days 0 
and 7 after wounding. (B) Immunostaining of neutrophil elastase and F4/80 in wounded 
dorsal skin of Postn-overexpressing mice and non-transgenic mice (day 3). Scale bars: 25 m 
(left panels), 50 m (right panels). (C) Quantitative data of the number of neutrophil elastase+ 
and F4/80+ cells in granulation tissues. The data shown are the mean ± SE. Statistical analysis 
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was performed using a one-sided, Mann-Whitney t-test; *p < 0.05 versus non-transgenic 
mice. NS; not significant 
 
Figure 6. Expression of IL-1 and TNF is reduced in wounded skin of 
Postn-overexpressing mice 
Expression of IL-1 and TNF proteins in wounded dorsal skin of Postn-overexpressing and 
non-transgenic mice on days 0, 3, and 7 after wounding. Protein values were calculated based 
on 1 mg of the homogenate protein. The data shown are the mean ± SD. Statistical analysis 
was performed using a one-sided, Mann-Whitney t-test; *p < 0.05 versus non-transgenic 
mice. NS; not significant 
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